The dynamic life of a bacterium requires rapid adaptation for survival and strategies to compete within a mixed bacterial population. To gain a competitive advantage, bacteria have developed multiple mechanisms for survival and eradication of their rivals. For example, bacteriocins, such as Escherichia coli colicins, are secreted proteins that target and kill closely related bacterial strains (Cascales et al., 2007) . Much like antibiotic resistance mechanisms, where the producer cell is protected from the toxic effects of the secreted antibiotic by modification of either the antibiotic itself or its binding site (Cundliffe and Demain, 2010) , bacteriocin-producing cells also have mechanisms of self protection. Most commonly, resistance is facilitated by expression of a cognate immunity protein that directly interacts with its toxic protein partner, thereby neutralizing its activity while residing in the host.
The recent discovery of a Gram-negative competition system, the contactdependent growth inhibition (CDI) family, revealed striking similarities, but also differences with the well-studied bacteriocins (Aoki et al., 2005) . CD toxin proteins A (called CdiA) and bacteriocins are both neutralized by direct contact with their cognate immunity proteins to maintain protection while within the producer cell (Cascales et al., 2007; Morse et al., 2012) ( Figure 1A) . Likewise, the overall modular structure of CdiA is similar to colicins; both contain N-terminal domains responsible for interaction with, and transportation into, the target cell and a toxic C-terminal enzymatic domain, which affects essential target cell functions. One of the most striking differences between these enzyme families is that CdiA toxins are not secreted into the environment like bacteriocins. Instead, CdiA toxins are delivered via direct cell-to-cell contact mediated by the CdiA C-terminal toxin domain (CdiA-CT) and a target cell membrane receptor. The CdiA-CT is then cleaved to release the toxin into the target cell, where it limits growth (Ruhe et al., 2013) .
The findings by Beck et al. (2014) Figure 1A ). CdiA-CT ECL has no sequence homology with other characterized CdiA toxin proteins ( Figure 1B ), but its structure resembles that of the bacteriocin colicin E3, an RNase that cleaves 16S rRNA in the decoding center of the ribosome (Cascales et al., 2007) . The authors further demonstrate that CdiA-CT ECL also targets the ribosome. Through mutational analysis, CdiA-CT ECL residues important for activity are identified; these are distinct from colicin E3, even though their target is identical. Superpositioning of CdiA-CT ECL on the ribosome using colicin E3 as a guide (Ng et al., 2010) reveals that CdiA-CT ECL proposed catalytic residues are proximal to target 16S rRNA residues. This study raises interesting questions concerning the evolutionary origins of toxin/immunity protein pairs. Though the CdiA ECL toxin is structurally similar to colicin E3, the immunity proteins share extremely low sequence identity, have different tertiary folds, and interact with their cognate toxin in distinct ways. These differences lead the authors to suggest that CdiA ECL /Cdil ECL and colicin E3/ immunity protein systems arose from independent origins through convergent evolution. The evolutionary origin of the various CDI genes is an interesting question, and understanding the functional roles of additional CDI pairs will shed light not only on how bacterial cells gain advantage during competition, but also their possible evolutionary trajectory.
The targeting of the ribosome by CDI toxins opens up the possibility that uncharacterized CDI proteins ($60 in total) may also halt protein synthesis to kill neighboring cells. This possibility is not only reminiscent of colicins, but also to toxin-antitoxin systems. Toxin proteins also have been shown to cleave tRNAs (Winther and Gerdes, 2011) and 16S rRNA (Vesper et al., 2011) analogous to colicins and, now, CdiA-CT toxin proteins. Conversely, toxin-antitoxin systems are not secreted or passed to a target cell, but rather are beneficial to producer cells because their activation during stress provides a protective mechanism for survival (Gerdes and Maisonneuve, 2012) . Recently, two distinct Mycobacterium tuberculosis toxins, MazF and VapC, have been shown to degrade 23S rRNA at a region between the tRNA binding sites, most likely reducing translational fidelity (Schifano et al., 2013; Winther et al., 2013) . It remains to be determined whether defective ribosomes generated by CdiA toxins and toxin-antitoxin systems result in ribosome turnover or whether these ribosomes are repaired and recycled. Nonetheless, it is clear that mechanisms to either survive or kill off competition via ribosome inactivation is an important bacterial survival strategy. 
